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57 ABSTRACT 

A shift control apparatus for a transmission coupled to a 
power Source via a clutch includes an electronic control unit 
for delivering a shift command giving instructions for a gear 
shifting, and a gear Shift unit for performing the gear shifting 
in response to the shift command. The electronic control unit 
delivers, in association with the shift command, a first clutch 
Stroke command varying between off-clutch and an 
on-clutch positions. The Shift control apparatus includes a 
hydraulic master cylinder producing a hydraulic preSSure 
which Serves as a Second clutch Stroke command and which 
varies in accordance with the operational position of a clutch 
pedal, and an air cylinder unit with a hydraulic cylinder 
section for Switching the clutch between the off-clutch and 
on-clutch positions. The air cylinder unit operates in accor 
dance with one of the first and Second clutch Stroke com 
mands which represents a target clutch plate position closer 
to the off-clutch state. When the clutch pedal is depressed, 
the cylinder unit brings the clutch into the off-clutch position 
in response to a Supplied hydraulic pressure, thereby per 
mitting a required gear shifting even when the pedal is 
depressed. 

13 Claims, 6 Drawing Sheets 

80 

  



5,957,806 Sheet 1 of 6 Sep. 28, 1999 U.S. Patent 

  



5,957,806 Sheet 2 of 6 Sep. 28, 1999 U.S. Patent 

HIV/ 

  



U.S. Patent Sep. 28, 1999 Sheet 3 of 6 5,957,806 

FIG 3 

TO ECU 

G) 
Q 

14 

15 | ON-CLUTCH 
f STATE 
l 

13 

(9T a 2. as 1 al 
s t 

CLUTCH-SLIPPING 
STATE 

  

  



U.S. Patent Sep. 28, 1999 Sheet 4 of 6 5,957,806 

FIG. 4 

DETERMINE TARGET GEAR S10 
POSITION 

S11 

TARGET GEAR 
POSITION - PRESENT 

GEAR P9SITION 
Yes 

NO 

DELIVER PSEUDO 
ACCELERATOR OPENING 
DEGREE SIGNAL VAC 
ECRUIVALENT TO Neil 

ACCELERATOR 
PEDAL DEPRESSED 

Yes 

VAC (- PREDICTED NCL2 VAC ( - PRESENT NCL1 

S20 

CLUTCH PEDAL NO 
REGION A 2 

CLUTCH & SHIFT CONTROL 

GRADUALLY RETURN WAC TO 
PRESENT ACCELERATOR 
OPENING DEGREE SIGNAL 

  

  

  

    

    

  

  
  

  

  

  

  

  



U.S. Patent Sep. 28, 1999 Sheet S of 6 5,957,806 

FIG. 5 
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FIG. 6 
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APPARATUS AND METHOD FOR 
DISENGAGING ACLUTCHAFTER A SHIFT 
COMMAND UNLESSA CLUTCH PEDALIS 

IN A CLUTCH SLIPPING STATE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an apparatus and method for a 
shift control, and more particularly, to a shift control appa 
ratus and a shift control method for an automotive automatic 
transmission equipped with a clutch device adapted to be 
engaged and disengaged in response to both a shift com 
mand and a clutch pedal manipulation. 

2. Related Art 

Automatic transmissions which realize automated gear 
shift operations have been widely used as automotive trans 
missions. Among them, torque converter-equipped auto 
matic transmissions are chiefly used for Small vehicles. In 
large vehicles Such as buses and trucks which require a large 
driving torque, it is difficult for a torque converter to 
adequately transfer the large driving torque. 

In this respect, an automatic transmission equipped with 
a gear transmission Similar in construction to a conventional 
manual transmission and a clutch adapted to be automati 
cally engaged and disengaged has been developed for use in 
large vehicles. In the automatic transmission of this kind, the 
engagement and disengagement of the clutch are automati 
cally controlled in timed relation with a shift timing deter 
mined by a shift command, So that a Smooth automatic Speed 
change may be achieved. 

Another type of an automatic transmission developed 
hithertofore is provided with a clutch whose engagement 
and disengagement are not only automatically controllable 
in response to a shift command but also executable in 
response to a clutch pedal manipulation by a driver. 

The above-mentioned conventional automatic transmis 
Sion which allows both automatic and manual clutch opera 
tions is So designed that the automatic clutch on-off control, 
i.e., clutch engagement/disengagement control, and the 
automatic shift control are prohibited So long as the clutch 
pedal is depressed, whereby a priority is given to a driver's 
intention Such as a driver's clutch-Slipping manipulation. 
With this arrangement, even if a shift command giving 
instructions for an automatic gear shifting is delivered, 
neither the clutch on-off control nor the automatic shift 
control is carried out while the clutch pedal is being 
depressed. 

According to this arrangement which completely prohib 
its the automatic gear shifting during the depression of the 
clutch pedal, if an intense braking is applied while the clutch 
pedal is depressed deeply, an automatic gear shifting is kept 
prohibited even if a gear position presently established is no 
longer proper. This entails a problem that a Smooth vehicle 
acceleration cannot be achieved when the driver attempts to 
accelerate a vehicle after releasing the clutch pedal because 
a mismatch takes place between the vehicle Speed and the 
gear position established. 

SUMMARY OF THE INVENTION 

Aprincipal object of the present invention is to provide an 
apparatus and method which make it possible to carry out a 
desired gear shifting in a transmission equipped with a 
clutch which is responsive to a clutch pedal manipulation. 

According to one aspect of the present invention, there is 
provided a shift control apparatus for a transmission coupled 
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2 
to a power Source via a clutch. This shift control apparatus 
comprises: a shift control Section for delivering a shift 
command giving instructions for a gear shifting to a target 
gear position Suited to at least a driving State of the power 
Source; a gear shift unit for performing the gear shifting in 
response to the shift command Supplied thereto from the 
shift control Section; a first clutch control Section for 
delivering, in association with the shift command, a first 
clutch control command representative of a target clutch 
operating State which varies between an off-clutch State and 
an on-clutch State; a Second clutch control Section for 
delivering a Second clutch control command in response to 
an operational position of a clutch pedal which is operable 
by a driver, the Second clutch control command representing 
a target clutch operating State which varies between the 
off-clutch State and the on-clutch State; and an actuator for 
Switching the clutch between the off-clutch state and the 
on-clutch State. The actuator is operable in accordance with 
one of the first and Second clutch control commands which 
represents the target clutch operating State closer to the 
off-clutch state. 
The Shift control apparatus of the present invention is 

advantageous in that the clutch on-off control can be per 
formed in response to both a shift command and a clutch 
pedal depressing manipulation and that the clutch on-off 
control can be made in association with the shift control. 
Accordingly, the gear position in the transmission can be 
changed over to a target gear position even if the shift 
command is delivered while the clutch pedal is being 
depressed. With the prior art in which a gear shifting is 
prohibited So long as the clutch pedal is depressed, a Smooth 
acceleration after the release of the clutch pedal depression 
is sometimes hindered since the gear position which is kept 
unchanged during the clutch pedal depression becomes 
improper for the Subsequent acceleration. The present inven 
tion Solves this kind of problem encountered in the prior art. 
Namely, according to the present invention, a gear shifting 
is accomplished, where required, in a period from a depres 
Sion of the clutch pedal to a release of the same, e.g., at the 
time of braking by a braking pedal. Accordingly, a proper 
gear position can be established immediately after the clutch 
pedal is released, guaranteeing a Smooth vehicle running. If 
the clutch pedal is released while the automatic clutch 
control, responsive to the first clutch control command 
Supplied from the first clutch control Section, is being carried 
out together with the associated automatic shift control, then 
the Second clutch control Section delivers the Second clutch 
control command that gives instructions for an engagement 
of the clutch. Even in Such a case, the clutch is kept 
maintained in its off-clutch State as long as the first clutch 
control command gives instructions for establishing the 
off-clutch State. This makes it possible to eliminate a prob 
lem that a priority is given to the Second clutch control 
command and the clutch is permitted to be engaged. 

Preferably, the clutch comprises a clutch plate movable 
between an off-clutch position and an on-clutch position. 
The first clutch control section delivers a first clutch stroke 
command Serving as the first clutch control command and 
representative of a target clutch plate position which varies 
between the off-clutch position and the on-clutch position. 
The Second clutch control Section delivers a Second clutch 
Stroke command Serving as the Second clutch control com 
mand and representative of a target clutch plate position 
which varies between the off-clutch position and the 
on-clutch position in accordance with the operational posi 
tion of the clutch pedal. The actuator is operable in accor 
dance with one of the first and Second clutch control 
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commands which represents the target clutch plate position 
closer to the off-clutch position. 

With this preferable arrangement, the clutch on-off con 
trol can be adequately performed based on the clutch Stroke 
command which represents an accurate target clutch on-off 
State. 

Preferably, each of the target clutch plate positions rep 
resented by the first and Second clutch Stroke commands 
varies between an on-clutch region including the on-clutch 
position and its vicinity and an off-clutch region including 
the off-clutch position and its vicinity. The actuator main 
tains the clutch in the off-clutch State So long as at least one 
of the target clutch plate positions represented by the first 
and second clutch stroke commands falls within the off 
clutch region. 

With this preferable arrangement, both the clutch on-off 
control and the shift control can be executed adequately 
even if a shift command is produced before a clutch pedal 
depressing manipulation is released. In this case, the first 
clutch Stroke command exits from the on-clutch region and 
then enters into the off-clutch region while the Second clutch 
Stroke command remains in the off-clutch region. 
Subsequently, the Second clutch Stroke command exits from 
the off-clutch region. Thereafter, the first clutch stroke 
command exits from the off-clutch region and enters into the 
on-clutch region. The actuator maintains the clutch in the 
off-clutch state from the time when the second clutch stroke 
command enters into the clutch-off region to the time when 
the first clutch stroke command exits from the clutch-off 
region, to thereby permit a gear Shifting. After the gear 
shifting is accomplished, the clutch is changed over to the 
on-clutch State. 

Preferably, the shift control apparatus further comprises a 
range detecting Section for generating a range Signal repre 
Sentative of a range which is Selected by a range Selecting 
means attached to the transmission and operable by a driver. 
The shift control section is permitted to deliver the shift 
command when a Selection of a drive range is determined 
based on the range Signal Supplied thereto from the range 
detecting Section. 

With this preferable arrangement, an execution of the 
automatic clutch on-off control and the automatic shift 
control can be permitted only when the drive range is 
Selected. 

Preferably, the first clutch control section cancels a deliv 
ery of the first clutch Stroke command to the actuator when 
the first clutch control Section determines, immediately after 
generation of the shift command, that the target clutch plate 
position falls outside the on-clutch region and the off-clutch 
region. 

With this preferable arrangement, if there is a high poS 
sibility that the driver operates the clutch pedal with the 
intention of Slipping the clutch, i.e., operating the clutch in 
a clutch-Slipping State where the clutch is slightly engaged, 
a useleSS clutch on-off action and gear Shifting can be 
avoided, whereas the actuator operates in accordance with 
the Second clutch Stroke command corresponding to the 
clutch pedal manipulation. This makes it possible to operate 
the clutch in a manner reflecting the driver's intention 
represented by the clutch pedal manipulation. 

Preferably, the first clutch stroke command is delivered 
from the first clutch control section, when the first clutch 
control Section determines, immediately after the generation 
of the shift command, that the target clutch plate position 
represented by the Second clutch Stroke command falls 
within either one of the on-clutch region and the off-clutch 
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4 
region. Then, the changeover in the operational State of the 
clutch is started, which changeover is effected by the actua 
tor in accordance with one of the first and Second clutch 
Stroke commands. The changeover in the operating State of 
the clutch, and the gear shifting effected by the gear shift unit 
are continued until they are completed. 
With this preferable arrangement, the clutch on-off con 

trol can be continuously performed if once the clutch on-off 
control is started, even if a clutch pedal is operated later, 
especially even if the clutch is kept in the clutch-Slipping 
State by the clutch pedal manipulation. As a result, the clutch 
is maintained in the off-clutch State during the shift control, 
So that the gear Shifting can be accomplished adequately. 

Preferably, the actuator includes a movable member 
coupled to the clutch plate and having first and Second 
preSSure-receiving portions. The movable member moves in 
a direction of causing the clutch plate to move toward the 
off-clutch position, when a pressure is applied to at least one 
of the first and Second preSSure-receiving portions. The 
clutch includes an urging member which urges the clutch 
plate toward the on-clutch position. The first and Second 
clutch control Sections apply first and Second preSSures, 
Serving as the first and Second clutch Stroke commands, to 
the first and Second pressure-receiving portions, respec 
tively. More preferably, the first clutch control section 
includes a preSSurized air Source, a Switching valve inter 
posed in an air passage through which the pressurized air 
Source is connected with the first pressure-receiving portion 
of the actuator, and a Switching valve actuating means for 
Switching the Switching valve between a communicating 
position where the first pressure-receiving portion is com 
municated with the pressurized air Source and a shut-off 
position where communication between the first pressure 
receiving portion and the pressurized air Source is prohib 
ited. The pressurized air Source Supplies the first pressure 
receiving portion with pressurized air Serving as the first 
clutch Stroke command when the Switching Valve is in the 
communicating position. The Second clutch control Section 
includes a hydraulic Source for generating a hydraulic pres 
Sure which varies depending on the operational position of 
the clutch pedal, and applies the hydraulic pressure Serving 
as the Second clutch Stroke command to the Second pressure 
receiving portion. 
With these preferable arrangements, the actuator can be 

Surely operated in accordance with one of the first and 
Second clutch Stroke commands which represents a target 
clutch plate position closer to the off-clutch position. 

According to another aspect of the present invention, 
there is provided a shift control method for controlling a 
transmission coupled to a power Source via a clutch whose 
operating State is variable between an on-clutch State and an 
off-clutch State in response to a driver's clutch pedal 
manipulation. This shift control method comprises the Steps 
of: (a) judging whether an operational position of the clutch 
pedal falls within either of an off-clutch region and an 
on-clutch region when a shift command giving instructions 
for a gear shifting is delivered; (b) actuating the clutch So as 
to establish the off-clutch State when the step (a) judges that 
the operational position of the clutch pedal falls within either 
of the off-clutch region and the on-clutch region; (c) auto 
matically executing the gear shifting in the transmission in 
accordance with the shift command after the off-clutch state 
is established; and (d) actuating the clutch So as to establish 
the on-clutch State after the automatic gear shifting is 
completed. 
The shift control method of the present invention is 

advantageous in that the clutch on-off control can be per 
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formed in response to both a shift command and a clutch 
pedal depressing manipulation and that an automatic shift 
control can be carried out in association with the clutch 
on-off control. Accordingly, even when the clutch pedal is 
depressed, a required gear shifting can be accomplished, 
thereby establishing an appropriate gear position immedi 
ately after the clutch pedal depression, So that a Smooth 
vehicle traveling is achieved. 

Preferably, an execution of the steps (b), (c) and (d) is 
prohibited when the step (a) judges that the operational 
position of the clutch pedal falls outside the off-clutch region 
and the on-clutch region. 

According to this preferable shift control method, a use 
leSS clutch on-off operation and gear shifting can be avoided, 
if there is high possibility that a driver operates the clutch 
pedal with the intention of operating the clutch in a clutch 
Slipping State. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the present invention will become more apparent from the 
following detailed description which is to be read in con 
junction with the accompanying drawings, in which: 

FIG. 1 is a Schematic diagram showing an arrangement of 
a vehicular driving System equipped with a shift control 
apparatus according to an embodiment of the present inven 
tion; 

FIG. 2 is a diagram showing a hydraulic circuit of an air 
cylinder unit shown in FIG. 1; 

FIG. 3 is a Schematic view showing an on-clutch region, 
a clutch-Slipping region and an off-clutch region of a clutch 
pedal, together with two clutch depression sensors; 

FIG. 4 is a flowchart showing an automatic shift control 
routine relating to a downshifting, 

FIG. 5 is a flowchart showing a clutch & shift control 
Subroutine constituting part of the automatic shift control 
routine shown in FIG. 4; and 

FIG. 6 is a graph showing changes of a clutch on-off 
command and a clutch Stroke SCL with elapse of time, 
together with a gear shifting process, in a case where the 
clutch pedal is in the off-clutch region at the time a shift 
command is generated. 

DETAILED DESCRIPTION 

With reference to accompanied drawings, a shift control 
apparatus according to a preferred embodiment of the 
present invention will be explained. 

In FIG. 1, a diesel engine 1 (hereinafter referred to 
“engine') is shown, which serves as a power Source for 
heavy-load vehicles Such as trucks and buses, and which has 
an output shaft 2 extending therefrom. The engine output 
shaft 2 is coupled via a clutch device 3 to a gear-train type 
transmission (hereinafter referred simply to “transmission') 
4, So that the output of engine 1 is transmitted to the 
transmission 4. The gear transmission 4 has Seven forward 
Speeds (first speed to Seventh speed) and a reverse speed, for 
instance, and carries out a gear shifting, as needed, to 
establish a desired speed. The gear transmission 4 is of, e.g., 
a constant-mesh System having plural pairs of gears. 
Although not shown in the drawing, each pair of gears is 
comprised of one gear rotatably mounted on a main shaft of 
the transmission 4 and the other gear fixed to a countershaft 
of the transmission. When a shift fork provided in the 
transmission 4 is moved, a sleeve integrally formed with the 
shift fork is slid along the main shaft and is engaged with one 
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6 
of gears disposed at both sides of the sleeve whereby the 
above-mentioned one gear is drivingly coupled via the 
sleeve to the main Shaft, to establish a desired Speed. 
Preferably, the transmission 4 has a synchronizer for elimi 
nating a peripheral Speed difference between the main Shaft 
and a gear to be engaged there with. 
AS described later, the clutch device 3 is So designed that 

its engagement and disengagement are automatically con 
trolled while a gear Shifting is taking place in the transmis 
Sion 4. The clutch device 3 and the transmission 4 constitute 
an automatic transmission. 
The engine 1 is provided with a fuel injection pump 6 

(hereinafter referred to "injection pump') for Supplying fuel 
to the engine 1. The injection pump 6 has an input shaft (not 
shown) thereof coupled to the engine 1 and is driven by the 
engine output transmitted to an input shaft of the pump, 
thereby injecting the fuel. The injection pump 6 is provided 
with a control rack (not shown) for adjusting a fuel injection 
amount, and a rack position Sensor 9 for detecting a control 
rack position RW representing an operational position of the 
control rack. An engine Speed Sensor 8 which is provided at 
a location near the pump input shaft Serves to detect the 
rotational Speed of the pump input shaft from which speed 
the engine speed (i.e., rotational speed of output shaft 2 of 
engine 1) is detected. 
The clutch device 3 has an ability of both manually and 

automatically achieving the function of an ordinary 
mechanical friction clutch. More specifically, the clutch 
device 3 includes a clutch plate 12 which is movable 
between an on-clutch position where it is in press-contact 
with a flywheel 10 and an off-clutch position where it is 
Separated from the flywheel 10, and a pressure Spring 11 
which urges the clutch plate 12 toward the on-clutch posi 
tion. By operating a clutch actuator (air cylinder unit) 16, the 
clutch plate 12 is moved from the on-clutch position to the 
off-clutch position. An on-clutch state of the clutch device 3 
is established when the clutch plate 12 is forcibly pressed 
against the flywheel 10 by the urging force of the pressure 
Spring 11. On the contrary, an off-clutch State of the clutch 
device 3 is established when the clutch plate 12 is moved 
away from the flywheel 10 against the urging force of the 
preSSure Spring 11 by the operation of the clutch actuator 16. 
The clutch actuator 16 of this embodiment is comprised of 
an air cylinder unit with a hydraulic cylinder. The air 
cylinder unit 16 is coupled to the clutch plate 12 via an outer 
lever 12a. 
The air cylinder unit 16 is communicated to an air tank 34 

via an air passage 30 which is constituted by a pipe, for 
instance, and which Serves as an air feed passage. 
Accordingly, when the pressurized air is Supplied from the 
air tank 34 via air passage 30, the air cylinder unit 16 
operates automatically. 
When the air cylinder unit 16 is switched from a deacti 

Vated State to an activated State, the clutch plate 12 is moved 
away from the flywheel 10. Thus, the clutch device 3 is 
changed from the on-clutch State to the off-clutch State. On 
the other hand, when the air cylinder unit 16 is in the 
deactivated State, the clutch plate 12 is forcibly pressed 
against the flywheel 10 by the urging force of pressure 
Spring 11, So that the clutch device 3 is kept maintained in 
an on State, i.e., an engaged State. AS described above, the 
on-off operation of the clutch device 3 is performed auto 
matically. This automatic on-off clutch operation is per 
formed in timed relation with an associated automatic gear 
shifting in the transmission 4. 

Reference numeral 13 denotes a clutch pedal which is 
operable by a driver. The clutch pedal 13 is associated with 
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a hydraulic master cylinder 13a that Serves as a Second 
clutch control Section, the master cylinder being operable in 
asSociation with a clutch-pedal operation by the driver. 
Preferably, the hydraulic master cylinder 13a delivers oper 
ating oil having a pressurized level corresponding to the 
operational position of the clutch pedal 13 when the driver 
operates the clutch pedal. The hydraulic master cylinder 13a 
is connected to one end, i.e., the upstream-Side end as 
viewed from the air tank 34, of an oil passage 13b. The other 
end, i.e., the downstream-Side end of the oil passage 13b is 
connected to the air cylinder unit 16. Accordingly, when the 
clutch pedal 13 is depressed, operating oil is fed from the 
hydraulic master cylinder 13a to the air cylinder unit 16 via 
oil passage 13b. In response to this oil Supply, the air 
cylinder unit 16 is activated and the clutch plate 12 is caused 
to move in the off-clutch direction so that the off-clutch state 
is established. In this manner, the on-off operation of the 
clutch device 3 can be performed manually. 
As shown in FIG. 2, a main body 100 of the air cylinder 

unit 16, which constitutes a main part of this unit, is 
provided with an air cylinder section 102 which accommo 
dates therein a power piston 104 for slide motion. An 
internal space of air cylindersection 102 is partitioned by the 
power piston 104 into two chambers 102a and 102b. A rod 
106 integrally fixed to the power piston 104 is coupled to the 
clutch plate 12. Accordingly, when the power piston 104 
slides to the left in FIG. 2 within the air cylinder section 102, 
the rod 106 is moved in the same direction. The clutch plate 
12, coupled to the rod 106 via the outer lever 12a, is thus 
moved toward the off-clutch position. On the other hand, 
when the piston 104 slides to the right in FIG. 2, the clutch 
plate 12 is moved toward the on-clutch position. 

Furthermore, the air cylinder main body 100 is formed 
with a hydraulic cylinder section 108 integrally with the air 
cylinder section 102. A hydraulic piston 110 disposed in the 
hydraulic cylindersection 108 is coupled to the power piston 
104 via a hydraulic rod 112 disposed coaxially with the rod 
106. 
As shown in FIG. 2, the hydraulic cylinder section 108 is 

connected to a distribution pipe 114 which has an interme 
diate portion thereof communicating with the interior of the 
hydraulic cylinder section 108. One end of the distribution 
pipe 114 is connected to the oil passage 13b, while the other 
end thereof is connected to an oil passage 116. With this 
arrangement, when the clutch pedal 13 is depressed, the 
operating oil is Supplied from the hydraulic master cylinder 
13a via the oil passage 13bto the distribution pipe 114, and 
is then distributed by the pipe 114 to the hydraulic cylinder 
section 108 and to the oil passage 116. The oil passages 13b 
and 116 can be constituted by a pipe or the like. 
A relay valve 120 is integrally mounted on the air-cylinder 

main body 100. A relay piston 122 is slidably fitted in the 
relay valve 120. The relay piston 122 has a main part and 
two piston plates integrally formed there with. 

The relay valve 120 is connected with air passages 124, 
126 and 128. More specifically, the air passage 124 is 
connected with the relay valve 120 at a position close to the 
air cylinder section 102 as viewed in the axial direction of 
the relay valve 120. The air passage 128 is connected with 
the relay valve 120 at a position spaced from the aforemen 
tioned junction between the valve 120 and the air passage 
124 by a distance which is about one-half of the distance 
between the two piston plates of the relay piston 122. The air 
passage 126 is connected with the relay valve 120 at a 
position spaced from the junction between the valve 120 and 
the air passage 124 by a distance which is approximately 
equal to the distance between the piston plates. 
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8 
When the relay piston 122 is at its sliding position on the 

Side close to the air cylinder Section 102, the air passage 124 
communicates with the air passage 128. On the contrary, 
when the relay piston 122 is at its sliding position on the Side 
remote from the air cylinder Section 102, the air passage 126 
communicates with the air passage 128. In this manner, the 
relay valve 120 serves as a Switching valve for selectively 
communicating the air passage 128 to either one of air 
passages 124 and 126. 
The air passage 124 extends in the air cylinder main body 

100 radially inwardly of the main body from the junction 
between itself and the relay valve 120, and then extends 
inward in the axial direction of the main body 100. The air 
passage 124 has a tip end thereof opening into the chamber 
102a. The air passage 126 radially inwardly extends in the 
air cylinder main body 100, extends outward in the axial 
direction, and communicates with one end of an air passage 
130 which is connected with the air cylinder main body 100. 
The other end of the air passage 130 is connected to the air 
passage 30 at a position on the upstream Side of the 
three-way valve 140 as viewed from the air tank 34. 
The air passage 128 is connected to a first port of a shuttle 

valve 132 that serves as a double check valve. The shuttle 
Valve 132 has a Second port thereof connected to one port of 
the three-way valve 140 of an electromagnetic type via an air 
passage 134 which is comprised of a pipe or the like. 
Furthermore, an air passage 136, comprised of a pipe or the 
like, extends from a third port (i.e., central port) of Shuttle 
valve 132. The tip end of the air passage 136 is communi 
cated with the chamber 102b of air cylinder section 102. 
The shuttle valve 132 has a function of communicating 

the air passage 128 with the air passage 136 or communi 
cating the air passage 134 with the air passage 136 in 
accordance with the preSSure balance between the air pas 
sages 128 and 134. In other words, the shuttle valve 132 acts 
as a means for automatically Switching the path of air flow. 

Remaining two ports of the three-way valve 140 are 
connected to an end, on the downstream Side as viewed from 
the air tank 34, of the air passage 30 and the upstream-Side 
end of the air passage 138, respectively. The air passage 138 
is connected at its downstream end to one end of an air 
passage 142 formed in the air-cylinder main body 100, and 
is thus communicated via the air passage 142 to the chamber 
102a of air cylinder section 102. 
The three-way valve 140 is electrically connected to an 

electronic control unit (ECU) 80. When three-way valve 140 
is activated by an actuation signal Supplied from ECU 80, 
the three-way valve 140 assumes its air-feed position where 
the air passage 30 is in communication with the air passage 
134. When the three-way valve 140 is deactivated in 
response to the termination of Supply of the actuation Signal 
from ECU 80, the three-way valve 140 assumes its air-cut 
position where the communication between the air passage 
30 and the air passage 134 is interrupted. In the air-cut 
position, the air passages 134 and 138 are communicated 
with each other. 

In FIG. 2, reference numeral 144 denotes an exhaust port 
that allows the air stored in the chamber 102a to be dis 
charged from the air cylinder section 102. 
With the air-cylinder unit 16 constructed as explained 

above, when the air passage 30 is communicated with air 
passage 134 through the three-way valve 140 Switched to the 
air-feed position, air (the flow of which is shown by solid 
arrow in FIG. 2) is supplied to the chamber 102b of air 
cylinder section 102. In this case, the power piston 104 is 
pushed toward the chamber 102a. Thus, the rod 106 moves 
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in the protruding direction. This protruding movement of rod 
106 causes the clutch plate 12 to move toward the off-clutch 
position, So that the off-clutch State is established. 
When the air passage 134 is communicated with air 

passage 138 through the three-way valve 140 switched to the 
air-cut position, the clutch plate 12 is pushed back by the 
urging force of pressure Spring 11 and returned to the 
on-clutch position. In response to this clutch plate move 
ment to the on-clutch position, the power piston 104 is 
pushed toward the chamber 102b. Then, the air stored in the 
chamber 102b flows along a path indicated by a double solid 
arrow in FIG. 2. Accordingly, the pressure in the chamber 
102a is substantially equalized with the pressure in the 
chamber 102b. Thus, the power piston 104 Smoothly slides 
in the air cylinder Section 102 without receiving any air 
pressure resistance. Hence, when the three-way valve 140 
takes the air-cut position, the on-clutch State is established 
Smoothly. 
When the clutch 13 is depressed, the operating oil is 

supplied from the hydraulic master cylinder 13a to the 
hydraulic cylinder section 108 via oil passage 13b. Upon 
receiving the operating oil pressure, the hydraulic piston 110 
is moved leftward in FIG. 2. With this piston movement, the 
rod 106 moves in the same direction, and the clutch plate 12 
moves to the off-clutch position. Upon feeding of operating 
oil to the hydraulic cylinder section 108, the operating oil is 
also supplied to the relay valve 120 via oil passage 116. In 
response to the Supply of operating oil, the relay piston 122 
operates to communicate the oil passage 126 with the air 
passage 128. In this case, as shown by a dotted arrow in FIG. 
2, air is introduced from the air passage 30 into the chamber 
102b via air passages 130, 126, 128 and 136, so that the 
power piston 104 is pushed leftward in FIG. 2. When the 
clutch pedal 13 is depressed, therefore, the rod 106 is pushed 
to the left (i.e., in the protruding direction) by both the air 
preSSure and the hydraulic pressure. 

Thereafter, when the clutch pedal 13 is released from the 
depressed State, the clutch plate 12 is returned to the 
on-clutch position by the urging force of the pressure Spring 
11, and the power piston 104 is pushed toward the chamber 
102b. Thus, the operating oil stored in the hydraulic cylinder 
section 108 and in the relay valve 120 is returned to the 
master cylinder 13.a. With this oil returning action, the relay 
piston 122 is returned to its original position So that the air 
passage 124 is communicated with the air passage 128. 
Hence, the air stored in the chamber 102b is supplied to the 
chamber 102a via air passages 136, 128 and 124, as indi 
cated by a double dotted arrow in FIG. 2. Accordingly, the 
pressure in the chamber 102a is substantially equalized with 
the pressure in the chamber 102b, as in the case of the 
automatic operating mode, So that the power piston 104 
slides smoothly in the air cylinder section 102 without 
receiving any air pressure resistance. 

Referring to FIG. 1 again, adjacent to the clutch pedal 13, 
there are provided a first clutch pedal position Sensor 14 for 
detecting that the clutch pedal 13 is at a completely released 
position or its vicinity and a Second clutch pedal position 
sensor 15 for detecting that the clutch pedal 13 is at a 
most-depressed position or its vicinity. These position Sen 
sors 14 and 15 are cooperative to properly detect the 
operational position of the clutch pedal 13. 

Referring to FIG. 3, a relationship between a depression/ 
release operational position of clutch pedal 13 and the on-off 
state of clutch device 3 will be explained. In the following, 
it is being Supposed that no clutch on-off operation by the 
automatic clutch control is performed. 
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10 
In FIG.3, symbols P1 through P4 respectively denote four 

positions assumed by the clutch pedal 13 in the course of a 
depressing/releasing operation of clutch pedal 13. Symbol 
P1 indicates a completely-released position of clutch pedal 
13 (indicated by a solid line in FIG. 3), and symbol P4 
indicates a most-depressed position of clutch pedal 13 
(indicated by a dotted line in FIG. 3). 

In the course of depressing the clutch pedal 13 from the 
completely-released position P1, even if the clutch pedal 
reaches the pedal position P2, the clutch pedal 13 is in a 
released State, and hence the clutch device 3 is still main 
tained in the on-clutch state. If the clutch pedal 13 is further 
depressed from the pedal position P2, the clutch device 3 
changes from the on-clutch State to a clutch-Slipping State 
where the clutch device 3 is slightly engaged, and then 
changes from the clutch-Slipping State to the off-clutch State, 
as indicated by a solid arrow in FIG. 3, before the clutch 
pedal 13 reaches the pedal position P3. On the other hand, 
in the releasing process of clutch pedal 13 from the most 
depressed position P4, even when the clutch pedal reaches 
the pedal position P3, the clutch pedal 13 is in a depressed 
State and hence the clutch device 3 is still maintained in the 
off-clutch state. If the clutch pedal 13 is further released, the 
clutch device 3 changes from the off-clutch state to the 
clutch-Slipping State and then changes to the on-clutch State, 
before the pedal position P2 is reached, as indicated by a 
dotted arrow in FIG. 3. 

Accordingly, the clutch device 3 is maintained in the 
on-clutch state (engaged State) So long as the clutch pedal 13 
remains within a first clutch pedal positional region “A” 
ranging between the pedal positions P1 and P2. In a Second 
clutch pedal positional region “B” ranging between the 
pedal positions P2 and P3, the clutch device 3 is permitted 
to be changed over between the on-clutch State and the 
off-clutch state. Further, the clutch device 3 is maintained in 
the off-clutch state (disengaged State) So long as the clutch 
pedal 13 remains within a third clutch pedal positional 
region “C” ranging between the pedal positions P3 and P4. 

In view of the aforementioned relationship between the 
clutch pedal position and the clutch on-off State, the first 
clutch pedal position sensor 14 is designed to be turned ON 
when the clutch pedal 13 is in the first region “A” and to be 
turned OFF when the clutch pedal is positioned in the second 
or third region “B” or “C.” On the other hand, the second 
clutch pedal position sensor 15 is designed to be turned ON 
when the clutch pedal 13 is in the third region “C” and to be 
turned OFF when the clutch pedal is in the first or second 
region “A” or “B”. With this arrangement, when the first 
pedal positional sensor 14 is turned ON and the second pedal 
positional sensor 15 is turned OFF, it is detected that the 
clutch pedal 13 is in the first region “A” and hence the clutch 
device 3 is in the on-clutch state. When both the first and 
second pedal positional sensors 14 and 15 are turned OFF, 
it is detected that the clutch pedal 13 is in the Second region 
“B” and hence the clutch device 3 is quite likely to be in the 
clutch-Slipping State. When the first pedal positional Sensor 
14 is turned OFF and the second pedal positional sensor 15 
is turned ON, it is detected that the clutch pedal 13 is in the 
third region “C” and the clutch device 3 is in the off-clutch 
State. 

The air cylinder unit 16 for effecting the on-off control of 
the clutch device 3 is provided with a clutch stroke sensor 17 
for detecting a moving amount of clutch plate 12, i.e., clutch 
stroke SCL, and a clutch touch sensor 18 for detecting that 
the clutch plate 12 is in urged contact with the flywheel 10. 
Furthermore, a clutch rotational Speed Sensor 22 is provided 
adjacent to an input shaft 20 of the transmission 4 to detect 
the rotational Speed of input Shaft 20, i.e., clutch rotational 
Speed. 
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A change lever (i.e., select lever) 60 is manually operable 
along a given Select pattern (not shown). By operating the 
change lever 60, an arbitrary one of neutral range, reverse 
range, and drive range can be selected, for instance. 

The change lever 60 is connected to a range Select Switch 
62 for detecting a Selected range as a result of a manipulation 
of change lever 60. The range select switch 62 is connected 
to the ECU 80 which is connected to a gear shift unit 64 for 
establishing a desired gear-coupling in the transmission 4. 
When a range detecting Signal is fed from the range Select 
Switch 62 to ECU 80, the gear shift unit 64 operates under 
the control of ECU 80 to thereby establish a desirable 
gear-coupling in the transmission 4. 
More specifically, the gear shift unit 64 comprises elec 

tromagnetic valves (although only one valve is shown at 66 
in FIG. 1) operable in response to an operation signal fed 
from ECU 80 and power cylinders (not shown) for operating 
shift forks (not shown) provided in the transmission 4. The 
power cylinders of the gear shift unit 64 are connected to the 
aforementioned air passage 30 via the electromagnetic 
Valves 66 and an air passage 67. These power cylinders are 
operable in response to the Supply of pressurized air from the 
air tank 34. More specifically, when the ECU 80 delivers an 
operation Signal to designated electromagnetic valves 66, 
asSociated power cylinderS respond to the operation signal 
and operate to change the gear-coupling in the gear trans 
mission 4, as needed. 
A gear position Switch 68, Serving as a gear position 

Sensor for detecting the Selected gear position, is provided 
adjacent to the gear shift unit 64. A gear position signal, 
representing the presently established gear position, is deliv 
ered from the gear position Switch 68 to ECU 80. 
An accelerator pedal 70 is associated with an accelerator 

opening degree Sensor 72. A speed Sensor 78 for detecting 
the vehicle speed is provided adjacent to an output shaft 76 
of the transmission 4. 

In FIG. 1, reference numeral 82 designates an engine 
control unit which is provided independently of the elec 
tronic control unit (ECU) 80. The engine control unit 82 
receives a signal produced by the ECU 80 based on pieces 
of information Supplied from the aforementioned various 
Sensors, accelerator pedal opening degree information and 
the like. This signal is delivered from the engine control unit 
to an electronic governor (not shown) provided in the 
injection pump 6, for control of the drive of the engine 1. 
Specifically, upon Supply of the Signal from the engine 
control unit 82 to the electronic governor, the control rack 
operates to increase or decrease the fuel injection amount, 
thereby increasing or decreasing the engine rotational Speed. 
ECU 80 is comprised of a micro computer (CPU), 

memories, and interfaces acting as an input/output Signal 
processing circuit. 
ECU 80 is connected at its input side with engine speed 

Sensor 8, rack position Sensor 9, pedal positional Sensors 14, 
15, clutch stroke sensor 17, clutch touch sensor 18, clutch 
rotational Speed Sensor 22, range Select Switch 62, gear 
position Switch 68, accelerator opening degree Sensor 72, 
vehicle Speed Sensor 78, and the like, and receives pieces of 
information therefrom. 
ECU 80 is connected at is output side with electromag 

netic valves 66, engine control unit 82, three-way valve 140, 
and the like. 
The memories of the ECU 80 are comprised of a read 

only memory (ROM) and a random-access memory (RAM). 
Various programs and data are Stored in ROM. For example, 
ROM stores various shift maps used to determine a target 
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12 
gear position based on vehicle Speed, accelerator opening 
degree, and engine Speed. 

When the ECU 80 receives a range signal supplied from 
the range Select Switch 62 and representing that the drive 
range is selected, the ECU 80 selects an appropriate shift 
map, and determines a target gear position based on vehicle 
Speed, accelerator opening degree, and engine Speed, with 
reference to the selected shift map. Then, the ECU 80 
Supplies the gear shift unit 64 with a shift signal which is 
determined by the present gear position and the target gear 
position. In response to the Supply of this shift signal, 
corresponding electromagnetic valves 66 in the gear shift 
unit 64 cooperatively establish the target gear position. In 
this manner, an automatic shift control is carried out. 

In the following, an automatic shift control performed by 
the shift control apparatus having the aforementioned con 
Struction will be explained in detail. 

Ordinarily, the clutch 13 is not depressed by a driver. In 
this case, upon determination of the target gear position, the 
ECU 80 sends out a shift command (gear shifting 
command), determined by the present gear position and the 
target gear position, to corresponding electromagnetic 
valves 66 in the gear shift unit 64. At the same time, an 
actuation signal is fed to the three-way valve 140. In short, 
if a shift control is initiated in response to the Supply of a 
shift signal, a Switching control of the three-way valve 140 
is performed in association with this shift control. 
AS a result, the air cylinder unit 16 is automatically 

operated Substantially at the same time of the initiation of the 
shift control. Thus, the clutch plate 12 is moved away from 
the flywheel 10, thereby bringing the clutch device 3 into the 
off-clutch State. Subsequently, if the target gear position is 
almost established, the three-way valve 140 is controlled in 
an appropriate manner. For example, an on-off duty ratio of 
the three-way valve 140 may be properly controlled to 
gradually reduce the feed amount of pressurized air, So that 
the clutch plate 12 is gradually brought in pressed-contact 
with the flywheel 10, whereby the clutch device 3 is brought 
in the engaged State again. 

In executing the shift control, a depressed State of the 
clutch pedal 13 is taken into consideration. AS described 
above, when the drive range (i.e., D range) is selected, the 
air cylinder unit 16 is automatically actuated to perform an 
automatic clutch on-off control, even if the clutch pedal 13 
is not operated by the driver, thereby permitting the execu 
tion of automatic gear Shifting. Meanwhile, the air cylinder 
unit 16 also responds to a depression of clutch pedal 13, as 
described above. In this embodiment, in accordance with the 
depressed State of clutch pedal 13, a determination is made 
as to whether an automatic shift control should be permitted 
or prohibited. 

Table 1 shows a relation among the operation of clutch 
pedal 13, the automatic shift control, and the automatic 
clutch on-off control (the latter two are referred to “auto 
shift” and “auto-clutch” in Table 1). In Table 1, “region A", 
“region B," and “region C” respectively denote the first, 
Second and third positional regions of the clutch pedal 13 
shown in FIG. 3. Furthermore, a mark “O'” indicates an 
execution of the automatic shift control or the automatic 
clutch control, while a mark"- indicates a non-execution 
of the Same. 
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TABLE 1. 

Clutch Pedal Position 

Range mode Item Region A Region B Region C 

D range Auto-shift O O 
Auto-clutch O O 

As apparent from Table 1, the clutch pedal 13 can be 
determined as being in a disengaged State when the clutch 
pedal position falls within the region “A”. Hence, in this 
condition, both the automatic shift control and the automatic 
clutch on-off control are performed properly. 

Similarly, when the clutch pedal position falls within the 
region “C”, both the automatic shift control and the auto 
matic clutch on-off control are performed properly. 
On the other hand, when the clutch pedal position falls 

within the region “B”, it is considered that the driver 
intentionally brings the clutch device 3 into a clutch-Slipping 
State. Accordingly, in this region “B”, a priority is given to 
the operation of the clutch pedal 13. In other words, no 
automatic clutch on-off control is performed, and the auto 
matic shift control is prohibited to avoid an undesirable gear 
shifting. 

With reference to FIG. 4, a procedure for an automatic 
shift control executed by ECU 80 will be explained. 

The following is an explanation of an automatic shift 
control for a case where a downshifting is done. For an 
upshifting, Substantially the same automatic shift control as 
the below-mentioned control is carried out. 

First, in step S10, if the range select Switch 62 delivers a 
range Signal indicating that the drive range is Selected, a 
target gear position is determined based on vehicle Speed, 
accelerator opening degree or engine Speed, with reference 
to a shift map. Next, in step S11, it is determined whether the 
presently established gear position (hereinafter referred to 
“present gear position') is equal to the target gear position. 
When the judgment result in step S11 is YES, i.e., when the 
present gear position is the same as the target gear position, 
the automatic shift control routine of FIG. 4 for the present 
control cycle is terminated without executing the processes 
of Step S12 and the Subsequent Steps. On the other hand, 
when the judgment result is “NO” in the step S11, i.e., when 
the present gear position is different from with the target 
gear position, a shift control is started. 

In Step S12, a pseudo accelerator opening degree Signal 
VAC is fed to the engine control unit 82. During the shift 
control, a Suitable engine operating State is maintained by 
the Supply of this pseudo accelerator opening degree Signal 
VAC. The pseudo accelerator opening degree Signal VAC 
produced in Step S12 is equivalent to an accelerator opening 
Signal required to maintain the present engine Speed Ne1. An 
acceleration opening degree signal used in an engine Speed 
control routine (not shown) is replaced by the thus produced 
pseudo accelerator opening degree Signal VAC, So that the 
engine Speed is adequately automatically controlled, thereby 
permitting a gear shifting to be progressed appropriately. 

In Step S14, a judgment is made based on the output Signal 
of accelerator opening degree Sensor 72 to determine 
whether the accelerator pedal 70 is depressed or not. When 
the judgment result in step S14 is NO, i.e., when the 
accelerator pedal 70 is not depressed, the control flow 
proceeds to Step S16. In the Step S16, the pseudo accelerator 
opening degree Signal VAC Set in the Step S12 is modified 
into a value corresponding to a clutch rotational Speed, to 
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thereby optimize the engine Speed. In this embodiment, the 
pseudo accelerator opening degree Signal VAC is Set to a 
value corresponding to the present clutch rotational Speed 
NCL1. 

On the other hand, the judgment result in step S14 is YES, 
i.e., when the accelerator pedal 70 is depressed, it is con 
sidered that the driver requires a large driving torque just 
after the shift control is finished. In this case, the control 
flow proceeds to step S18. In the step S18, the pseudo 
accelerator opening degree Signal VAC is set to a value 
corresponding to a clutch rotational Speed NCL2 that is a 
predicted Speed reachable upon completion of the shift 
control, whereby an adequate acceleration of the engine 
immediately after completion of the shift control is permit 
ted. 

Then, in Step S20, a judgment is made to check whether 
the operational position of clutch pedal 13 falls within the 
region “A.” If the judgment result in step S20 is YES, i.e., 
the clutch pedal 13 is in a released state, the control flow 
proceeds to step S23 to execute the clutch and shift control. 
When the judgment result in step S20 is NO, the control 

flow proceeds to Step S22. Another judgment is made in this 
Step S22 to check whether the operational position of clutch 
pedal 13 falls within the region “C.” If the judgment result 
in step S22 is YES, it is determined that the clutch pedal 13 
is in a depressed State. In this case, the control flow proceeds 
to step S23 to execute the clutch and shift control. 
On the other hand, when the judgment result in step S22 

is NO, i.e., if the operational position of clutch pedal 13 falls 
outside the regions “A” and “C” and falls within the region 
“B”, the automatic shift control routine of FIG. 4 for the 
present control cycle is terminated without executing the 
clutch & shift control of step S23. 

Details of the clutch and shift control executed in the step 
S23 of FIG. 4 will be explained with reference to FIG. 5. 

In Step S24 of FIG. 5, an actuation Signal corresponding 
to an off-clutch command is delivered to the three-way valve 
140 whereby the three-way valve 140 assumes the air-feed 
position, So that pressurized air is Supplied from the air tank 
34 to the chamber 102b of air cylinder unit 16 and the air 
cylinder unit 16 is activated. As a result, the clutch plate 12 
is moved toward the off-clutch position, so that the clutch 
device 3 is automatically disengaged. 
At Step S26, in order to change the gear-coupling in the 

transmission 4, a gear release command is produced to 
release the engagement between a gear corresponding to the 
present gear position and the main shaft of the transmission 
4. More Specifically, an actuation signal is Sent to associated 
electromagnetic valves 66 of the gear shift unit 64. As a 
result, a shift fork moves from its position corresponding to 
the present gear position to the neutral position, thereby 
releasing the engagement between the aforementioned gear 
and the main Shaft of the transmission 4. 

Next, in Step S28, a gear-in start command is delivered, 
which gives instructions for connection between another 
gear corresponding to the target gear position and the main 
shaft of the transmission 4. More Specifically, an actuation 
Signal is sent to an associated electromagnetic valve 66 of 
the gear shift unit 64. As a result, the movement of the shift 
fork from its neutral position to its position corresponding to 
the target gear position. 

Next, in step S30, a judgment is made to check whether 
the target gear position has been established as a result of an 
accomplishment of the gear-in operation. More specifically, 
a determination is made as to whether or not the gear 
position indicated by a gear position Signal delivered from 
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the gear position Switch 68 is equal to the target gear 
position. If the judgment in step S30 is NO, i.e., if the gear-in 
operation is not completed as yet, the ECU awaits the 
completion of gear-in operation. After the Start of movement 
of the shift fork, if a peripheral speed difference between the 
aforementioned another gear and the transmission main 
shaft is eliminated, for instance, the above-mentioned gear is 
coupled to the transmission main Shaft via a sleeve of the 
shift fork, So that the target gear position is established. 

If it is determined that the target gear position has been 
established, the control flow proceeds to the next step S34. 
In the step S34, an on-clutch command is delivered. More 
Specifically, Supply of the actuation signal having been 
delivered to the three-way valve 140 as a result of execution 
of Step S24 is terminated. In response to the termination of 
actuation signal Supply, the clutch plate 12 is pushed back to 
the on-clutch position by the resilient force of pressure 
Spring 11. Thus, the clutch device 3 is brought into an 
engaged State again. 

After the clutch and shift control Subroutine of FIG. 5 is 
completed, the control flow returns to step S38 in the 
automatic shift control routine of FIG. 4. In the step S38, the 
pseudo accelerator opening degree Signal VAC, having been 
fed to the engine control unit 82, is gradually changed So as 
to be equalized with the present accelerator opening degree. 
With this control, the engine Speed is controlled properly, 
while a gear shifting is accomplished without causing any 
Shock. 
As understood from the foregoing description, ECU 80 

has a function of a shift control Section for carrying out the 
processes in steps S26, S28 and S30 and another function of 
a first clutch control Section for carrying out the processes in 
steps S24 and S34. 

FIG. 6 shows time-based changes of the clutch on-off 
command and the clutch Stroke SCL and the process of gear 
shifting in a case where the judgment result in Step S22 is 
YES, i.e., in a case where a shift command is delivered when 
the operational position of the clutch pedal 13 falls within 
the region “C”. The clutch stroke SCL represents an actual 
moving position of the clutch plate 12. The clutch on-off 
command (first clutch stroke command) corresponds to the 
off-clutch command and on-clutch command Sent out in the 
steps S24 and S34 of FIG. 5. In FIG. 6, symbols “A”, “B” 
and “C” denote the clutch stroke regions (clutch stroke 
command regions) corresponding to the first, Second and 
third clutch pedal manipulation regions “A”, “B” and “C” 
shown in FIG. 3, respectively. 

FIG. 6 shows clutch on-off control and downshifting 
control from the third Speed to the Second Speed for the case 
where a releasing operation of clutch pedal 13 is started 
immediately before the shift command is delivered. 

In FIG. 6, before the time point oftl is reached, the clutch 
pedal 13 is at the most-depressed position (position P4 in 
FIG. 3). In other words, the clutch pedal 13 falls within the 
third clutch pedal positional region “C”. This clutch pedal 
depressing operation indicates that the clutch should be 
disengaged. Thus, the hydraulic master cylinder 13a (second 
clutch control Section), responsive to a clutch pedal 
manipulation, Supplies a hydraulic pressure (Second clutch 
Stroke command) for establishing the off-clutch State to the 
hydraulic cylinder section 108 of the air cylinder unit 16. At 
the time point of til, a releasing operation of clutch pedal 3 
is started. A target clutch plate position, represented by the 
hydraulic pressure, varies from the off-clutch position to the 
on-clutch position, as indicated by a broken line in FIG. 6. 

During monitoring a change in vehicle driving States 
caused by a clutch pedal depressing operation, if the shift 
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control section (ECU 80) judges that there is a necessity of 
performing a downshifting from the third gear position to 
the Second gear position, it delivers a shift command for a 
3-2 shift (time point of t2). In response to this shift 
command, the first clutch control section (ECU 80) sends 
out a clutch on-off command (off-clutch command in this 
case) that gives a target clutch plate position (shown by a 
two dotted chain line in FIG. 6) which varies from the 
on-clutch position to the off-clutch position. More 
specifically, the three-way valve 140 is Switched from the 
air-cut position to the air-feed position, and hence Supply of 
pressurized air to the air cylinder unit 16 (actuator) is 
initiated. In response to the feed of pressurized air, the air 
cylinder unit 16 urges the clutch plate 12 toward the off 
clutch position. 

In a period from time point of t2 to time point of t3, the 
target clutch plate position indicated by the hydraulic pres 
Sure is closer to the off-clutch position than the target clutch 
plate position indicated by the clutch on-off command 
(pressurized air). In this case, the air cylinder unit 16 chiefly 
responds to the hydraulic pressure. As a result, the actual 
moving position of clutch plate 12 varies in a manner 
following a change in the hydraulic preSSure, as shown by a 
solid line in FIG. 6. During this period, the clutch device 3 
is maintained in the off-clutch State, although the moving 
position of clutch plate 12 changes slightly from the off 
clutch position toward the on-clutch position. 

In a strict Sense, Since the air cylinder unit 16 receives 
both the hydraulic pressure and the pressurized air in the 
period from time t2 to t3, the clutch plate 12 is urged up to 
a moving position closer to the off-clutch position than that 
observed when only the hydraulic pressure is applied to the 
cylinder unit. 

After the time point of t3, the target clutch plate position 
indicated by the clutch on-off command (pressurized air) is 
closer to the off-clutch position than the target clutch plate 
position indicated by the hydraulic pressure. Accordingly, 
the air cylinder unit 16 chiefly responds to the pressurized 
air. As a result, the actual moving position of clutch plate 12 
varies in a manner following a change in the pressurized air. 
Thus, in the period from time point of t3 to time point of t-1, 
the clutch plate 12 is further urged toward the off-clutch 
position. While the off-clutch state is maintained in this 
manner, a changeover from the third Speed to the neutral 
takes places, and Subsequently a changeover from the neu 
tral to the Second Speed takes place. 
At the time point of t5, i.e., after completion of the 3-2 

shift, the target clutch plate position indicated by the clutch 
on-off command changes from the off-clutch position to the 
on-clutch position. More Specifically, the three-way valve 
140 is switched from the air-feed position to the air-cut 
position, to thereby Stop the Supply of the pressurized air. AS 
a result, the clutch plate 12 is pushed back toward the 
on-clutch position by the resilient force of pressure Spring 
11. Then, at the time point of t6 or its vicinity, the on-clutch 
State is established. 
The clutch on-off command varies from an OFF level 

corresponding to the on-clutch State to an ON level corre 
sponding to the off-clutch state, or varies from the ON level 
to the OFF level. In FIG. 6, the target clutch plate position 
represented by the clutch on-off command varies, with a 
Steep inclination, between the off-clutch position and the 
on-clutch position. This inclination period represents a time 
period required for the pressurized air to rise or fall at the 
time of on-off control of valve 140, i.e., a time period 
required for clutch plate movement. 
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Repeatedly Speaking, when a releasing operation of the 
clutch pedal 13 is started, the air cylinder unit 16 operates in 
Such a manner that it follows the releasing operation of 
clutch pedal 13. The clutch pedal 13 still remains in the 
region “C” at the moment the shift command is delivered. 
Thus, as shown in Table 1, the air cylinder unit 16 operates 
to establish a clutch-off State again in accordance with the 
clutch on-off command indicated by a two dotted chain line 
in FIG. 6. Accordingly, even if the clutch pedal 13 is released 
to the region “A” via the region “B”, the air cylinder unit 16 
is maintained, irrespective of the operation of clutch pedal 
13, in an off State, i.e., a disengaged State in accordance with 
the clutch on-off command indicated by the two dotted chain 
line shown in FIG. 6, as long as the shift control is carried 
Out. 

In other words, even if the clutch pedal 13 remains in the 
region “C”, the automatic clutch on-off operation is 
adequately performed in the same manner as in the case 
where the clutch pedal 13 is in the region “A.” Thus, a gear 
shifting is Surely and properly accomplished in case, for 
example, that the driver applies a braking while depressing 
the clutch pedal 13 and hence the vehicle Speed decreases, 
because a shift control once Started in response to a shift 
command is never canceled even if a releasing operation of 
the clutch pedal 13 is initiated thereafter. 
AS explained in detail in the above and as apparent from 

Table 1 and results of execution of the step S22 in FIG. 4, 
the shift control apparatus according to the present embodi 
ment permits the execution of both the automatic clutch 
on-off operation and the automatic shift operation, if the D 
range is Selected and if the operational position of the clutch 
pedal 13 is in either of the regions “A” and “C”. 

Although a gear shifting may start immediately after 
initiation of a returning operation of the clutch pedal 13, the 
gear shifting is Surely accomplished without being 
interrupted, irrespective of the releasing operation of the 
clutch pedal 13, as long as the clutch pedal 13 remains in the 
region “C” at the Start of the gear shifting. Hence, even in the 
case where the driver causes the vehicle Speed to decrease by 
applying a braking while depressing the clutch pedal 13, a 
gear shifting is accomplished Surely and adequately in 
response to a shift command, without being interrupted. 
Therefore, when the clutch pedal 13 is returned to a 
completely-released State, the gear position of transmission 
4 has been already shifted to a target (i.e., optimum) gear 
position Suitable to the vehicle Speed and the accelerator 
opening degree, So that the drivability is improved. 
The present invention is not limited to the above 

described embodiment and may be modified variously. 
For example, a constant-mesh type transmission 

employed in the embodiment may be replaced by a trans 
mission including planetary gear units. 
The combined hydraulic-and-pneumatic type clutch 

device disclosed in FIG. 3 can be replaced by a hydraulic 
type, a pneumatic type, or an electromagnetic type clutch 
device. 

The clutch and shift control shown in FIG. 5 is based on 
an assumption that the clutch pedal is normally released 
before the control of FIG. 5 is accomplished even when the 
depression operation of the clutch pedal is started after Start 
of this control. In order to Surely continue the clutch and 
shift control of FIG. 5 once started until it is finished, 
irrespective of whether the clutch pedal is depressed, the 
arrangement of the hydraulic-cylinder-equipped air cylinder 
unit 16 shown in FIG. 2 and the control procedure shown in 
FIG. 5 can be modified. For example, a circulating path is 
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provided, which has one end thereof communicating with 
the oil passage 13b and the other end thereof communicated 
via a reservoir to the hydraulic master cylinder 13a. This 
circulating path is provided with a Switch valve disposed on 
the side close to the oil passage 13b. If the clutch pedal is 
depressed during a time period from the initiation to the end 
of the control of FIG. 5, the above-mentioned Switch valve 
is opened, whereby the hydraulic pressure of the hydraulic 
master cylinder 13a is permitted to escape to the circulating 
path. This arrangement is effective to Stop a feeding of 
hydraulic pressure from the hydraulic master cylinder 13a to 
the air cylinder unit 16 in response to a depression of the 
clutch pedal, in the period from the start to the end of the 
control of FIG. 5. 
A step of waiting an accomplishment of the off-clutch 

operation may be provided between step S24 of FIG. 5 
relating to the generation of the off-clutch command and Step 
S26 relating to the generation of the gear-in start command. 
In this case, for example, an accomplishment of the off 
clutch operation is detected based on an output of the clutch 
touch sensor 18. When the accomplishment of the off-clutch 
operation is confirmed, the control flow proceeds to the Step 
S26. 
A step of waiting an accomplishment of the on-clutch 

operation may be provided after the step S34 relating to the 
generation of the on-clutch command. In this case, an 
accomplishment of the on-clutch operation is detected based 
on the output of the clutch touch sensor 18. When the 
accomplishment of the on-clutch operation is confirmed, the 
control flow proceeds to the step S38 of FIG. 4. 
As this invention may be embodied in several forms 

without departing from the Spirit of essential characteristics 
thereof, the present embodiment as described is therefore 
intended to be only illustrative and not restrictive, since the 
Scope of the invention is defined by the appended claims 
rather than by the description preceding them, and all 
changes that fall within the metes and bounds of the claims, 
or equivalents of Such metes and bounds, are therefore 
intended to be embraced by the claims. 
What is claimed is: 
1. A shift control apparatus for a transmission coupled to 

a power Source via a clutch, the clutch including a clutch 
plate movable between an off-clutch position and an 
on-clutch position, the apparatus comprising: 

a shift control Section for delivering a shift command for 
shifting a gear to a target gear position at least Suitable 
for a driving State of the power Source; 

a gear shift unit for shifting the gear to the target gear 
position in response to the shift command Supplied 
thereto from said shift control Section; 

a first clutch control Section for delivering, in association 
with the shift command, a first clutch control command 
representative of a target clutch operating State which 
Varies between an off-clutch State and an on-clutch 
State, 

a Second clutch control Section for delivering a Second 
clutch control command in response to an operational 
position of a clutch pedal, which is operable by a driver, 
the Second clutch control command representing a 
target clutch operating State which varies between the 
off-clutch State and the on-clutch State, and 

an actuator for Switching the clutch between the off-clutch 
State and the on-clutch State, Said actuator being oper 
able in accordance with the one of the first and Second 
clutch control commands which represents the target 
clutch operating State closer to the off-clutch State, 
wherein 
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said first clutch control section delivers a first clutch 
Stroke command Serving as the first clutch control 
command and representative of a target clutch plate 
position which varies between the off-clutch position 
and the on-clutch position, 

Said Second clutch control Section delivers a Second clutch 
Stroke command Serving as the Second clutch control 
command and representative of a target clutch plate 
position which varies between the off-clutch position 
and the on-clutch position in accordance with the 
operational position of the clutch pedal, and 

Said actuator is operable in accordance with the one of the 
first and Second clutch control commands which rep 
resents the target clutch plate position closer to the 
off-clutch position, and wherein 

each of the target clutch plate positions represented by the 
first and Second clutch Stroke commands varies 
between an on-clutch region including the on-clutch 
position and its vicinity and an off-clutch region includ 
ing the off-clutch position and its vicinity, and 

Said actuator maintains the clutch in the off-clutch State So 
long as at least one of the target clutch plate positions 
represented by the first and Second clutch Stroke com 
mands falls within the off-clutch region. 

2. The shift control apparatus according to claim 1, 
wherein Said first clutch control Section cancels a delivery of 
the first clutch Stroke command to Said actuator when said 
first clutch control Section determines, immediately after 
generation of the shift command, that the target clutch plate 
position falls outside the on-clutch region and the off-clutch 
region. 

3. The shift control apparatus according to claim 2, further 
comprising: 

a pedal position detecting Section for generating a signal 
representative of the operational position of the clutch 
pedal; 

wherein Said first clutch control Section judges whether 
the target clutch plate position falls within at least one 
of the on-clutch region and the off-clutch region based 
on the operational position of the clutch pedal detected 
by Said pedal position detection Section. 

4. The shift control apparatus according to claim 1, 
wherein 

the first clutch stroke command is delivered from said first 
clutch control Section and changeover in the opera 
tional State of the clutch is started, when Said first clutch 
control Section determines, immediately after the gen 
eration of the shift command, that the target clutch plate 
position represented by the Second clutch Stroke com 
mand falls within either one of the on-clutch region and 
the off-clutch region; 

the changeover in the operating State of the clutch and the 
gear shifting effected by the gear shift unit are contin 
ued until they are completed. 

5. The shift control apparatus according to claim 4, further 
comprising: 

a pedal position detecting Section for generating a signal 
representative of the operational position of the clutch 
pedal; 

wherein Said first clutch control Section judges whether 
the target clutch plate position falls within at least one 
of the on-clutch region and the off-clutch region based 
on the operational position of the clutch pedal detected 
by Said pedal position detecting Section. 

6. The shift control apparatus according to claim 1, 
wherein 
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Said actuator includes a movable member coupled to the 

clutch plate and having first and Second pressure 
receiving portions, 

Said movable member moves in a direction of causing the 
clutch plate to move toward the off-clutch position, 
when a preSSure is applied to at least one of Said first 
and Second preSSure-receiving portions, 

the clutch includes an urging member which urges the 
clutch plate toward the on-clutch position, and 

Said first and Second clutch control Sections apply first and 
Second pressures, Serving as the first and Second clutch 
Stroke commands, to Said first and Second pressure 
receiving portions, respectively. 

7. The shift control apparatus according to claim 1, 
wherein 

Said first clutch control Section includes a pressurized air 
Source, a Switching valve interposed in an air passage 
through which the pressurized air Source is connected 
with a first preSSure-receiving portion of the actuator, 
and a Switching valve actuating means for Switching 
Said Switching valve between a communicating posi 
tion where Said first pressure-receiving portion is com 
municated with Said preSSurized air Source and a shut 
off position where communication between said first 
preSSure-receiving portion and Said pressurized air 
Source is prohibited, 

Said pressurized air Source Supplies Said first pressure 
receiving portion with pressurized air Serving as the 
first clutch Stroke command when Said Switching valve 
is in the communicating position, and 

Said Second clutch control Section includes a hydraulic 
Source for generating a hydraulic pressure which Varies 
depending on the operational position of the clutch 
pedal, and applies a hydraulic pressure Serving as a 
Second clutch Stroke command to a Second pressure 
receiving portion of the actuator. 

8. The shift control apparatus according to claim 1, the 
transmission including a range detecting Section for gener 
ating a range Signal representative of a range which is 
Selected by a range Selecting means attached to the trans 
mission and operable by a driver, 

wherein said shift control section delivers the shift com 
mand when a Selection of a drive range is determined 
based on the range Signal Supplied thereto from Said 
range detecting Section. 

9. The shift control apparatus of claim 1, further com 
prising: 

a first Sensor which outputs a Signal when the clutch pedal 
is in a first position corresponding to the on-clutch 
State, and a Second Sensor which outputs a Signal when 
the clutch pedal is in a Second position corresponding 
to the off-state. 

10. A shift control apparatus for a transmission coupled to 
a power Source, comprising: 

a clutch provided between the power Source and the 
transmission, Said clutch including a clutch plate mov 
able between an off-clutch position and an on-clutch 
position; 

a shift control Section for delivering a shift command for 
shifting a gear to a target gear position determined 
based on a driving State of the power Source; 

a gear shift unit for shifting the gear to the target gear 
position in response to the shift command; 

a first clutch control Section for delivering, in association 
with the shift command, a first clutch control command 
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representative of a target clutch operating State which 
varies between an off-clutch State and an on-clutch 
State, 

a Second clutch control Section for delivering a Second 
clutch control command in response to an operational 5 
position of a clutch pedal, which is operable by a driver, 
the Second clutch control command representing a 
target clutch operating State which varies between the 
off-clutch State and the on-clutch State; and 

an actuator for Switching the clutch between the off-clutch 
State and the on-clutch State, Said actuator being oper 
able in accordance with the one of the first and Second 
clutch control commands which represents the target 
clutch operating State closer to the off-clutch State, 

wherein said first clutch control section delivers a first 
clutch Stroke command Serving as the first clutch 
control command and representative of a target clutch 
plate position which varies between the off-clutch 
position and the on-clutch position, 

Said Second clutch control Section delivers a Second clutch 
Stroke command Serving as the Second clutch control 
command and representative of a target clutch plate 
position which varies between the off-clutch position 
and the on-clutch position in accordance with the 
operational position of the clutch pedal, and 

Said actuator is operable in accordance with the one of the 
first and Second clutch control commands which rep 
resents the target clutch plate position closer to the 
off-clutch position, and 

wherein Said actuator includes a movable member 
coupled to the clutch plate and having first and Second 
preSSure-receiving portions, 

said movable member moves in a direction of causing the 
clutch plate to move toward the off-clutch position, 
wherein a pressure is applied to at least one of Said first 
and Second pressure-receiving portions, 

the clutch includes an urging member which urges the 
clutch plate toward the on-clutch position, and 

Said first and Second clutch control Sections apply first and 
Second preSSures, Serving as the first and Second clutch 
Stroke commands, to Said first and Second pressure 
receiving portions, respectively. 

11. The shift control apparatus for a transmission coupled 
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to a power Source, comprising: 
a clutch provided between the power Source and the 45 

transmission, Said clutch including a clutch plate mov 
able between an off-clutch position and an on-clutch 
position; 

a shift control Section for delivering a shift command for 
shifting a gear to a target gear position determined 
based on a driving State of the power Source; 

a gear shift unit for shifting the gear to the target gear 
position in response to the shift command; 

a first clutch control Section for delivering, in association 
with the shift command, a first clutch control command 
representative of a target clutch operating State which 
varies between an off-clutch State and an on-clutch 
State, 

a Second clutch control Section for delivering a Second 
clutch control command in response to an operational 
position of a clutch pedal, which is operable by a driver, 
the Second clutch control command representing a 
target clutch operating State which varies between the 
off-clutch State and the on-clutch State; and 

an actuator for Switching the clutch between the off-clutch 
State and the on-clutch State, Said actuator being oper 
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able in accordance with the one of the first and Second 
clutch control commands which represents the target 
clutch operating State closer to the off-clutch State, 

wherein said first clutch control section delivers a first 
clutch Stroke command Serving as the first clutch 
control command and representative of a target clutch 
plate position which varies between the off-clutch 
position and the on-clutch position, 

Said Second clutch control Section delivers a Second clutch 
Stroke command Serving as the Second clutch control 
command and representative of a target clutch plate 
position which varies between the off-clutch position 
and the on-clutch position in accordance with the 
operational position of the clutch pedal, and 

Said actuator is operable in accordance with the one of the 
first and Second clutch control commands which rep 
resents the target clutch plate position closer to the 
off-clutch position, and 

wherein Said first clutch control Section includes a pres 
Surized air Source, a Switching valve interposed in an 
air passage through which the pressurized air Source is 
connected with a first pressure-receiving portion of the 
actuator, and a Switching valve actuating means for 
Switching Said Switching valve between a communi 
cating position where said first preSSure-receiving por 
tion is communicated with Said pressurized air Source 
and a shut-off position where communication between 
Said first pressure-receiving portion and Said preSSur 
ized air Source is prohibited, 

Said pressurized air Source Supplies Said first pressure 
receiving portion With pressurized air Serving as the 
first clutch Stroke command when Said Switching valve 
is in the communicating position, and 

Said Second clutch control Section includes a hydraulic 
Source for generating a hydraulic pressure which varies 
depending on the operational position of the clutch 
pedal, and applies a hydraulic pressure Serving as a 
Second clutch Stroke command to a Second pressure 
receiving portion of the actuator. 

12. A shift control method for controlling a transmission 
coupled to a power Source via a clutch whose operating State 
is variable between an on-clutch State and an off-clutch State 
in response to a driver's clutch pedal manipulation, com 
prising: 

(a) judging whether an operational position of the clutch 
pedal falls within either of an off-clutch region and an 
on-clutch region when a shift command for instructing 
a gear shift is generated; 

(b) actuating the clutch to establish the off-clutch state 
when the step (a) judges that the operational position of 
the clutch pedal falls within either of the off-clutch 
region and the on-clutch region; 

(c) automatically executing the gear shift in the transmis 
Sion in accordance with the shift command after the 
off-clutch state is established; and 

(d) actuating the clutch to establish the on-clutch state 
after the automatic gear shifting is completed. 

13. The shift control method according to claim 12, 
wherein an execution of Said steps (b), (c) and (d) is 
prohibited when said step (a) judges that the operational 
position of the clutch pedal falls outside the off-clutch region 
and the on-clutch region. 
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